Background: Infant and child feeding index (ICFI) an age-specific index, can be used to assess child feeding practices. We used the ICFI to assess feeding practices for urban slum children and the association between ICFI and child nutritional status.
Background
Globally, more than one-third of child deaths occur due to undernutrition, which is more prevalent in low-and lower-middle-income countries [1, 2] . In India, the third National and Family Health Survey [3] indicated that 46% of children under three years were underweight, 38% were stunted and 19% were wasted. Infants and young children upto two years of age are considered to be the most vulnerable because of their higher requirements of energy-and nutrient-dense foods to support their growth and physical and mental development [4] . Hence, infant and young child feeding practices (IYCF) during this period play a critical role. Faulty breastfeeding and poor complementary feeding can lead to undernutrition [5] [6] [7] .
In the Indian context, most of the reports in the literature have focused on specific feeding behaviours such as breastfeeding, age at introduction of complementary foods [3, [8] [9] [10] . However, all these studies have not captured the multidimensionality of feeding practices including dietary diversity and have not examined their influence on child nutritional status. IYCF practices are multidimensional and age-specific. Ruel and Menon developed a composite feeding index to identify nutritionally vulnerable children [11] . This index is based on an age-specific scoring system that gives points for positive practices such as breastfeeding, avoiding use of bottle for feeding, meal frequency and dietary diversity. Efforts to measure and quantify IYCF practices using ICFI and to determine its association with nutritional status have been reported by various investigators in different countries [7, [12] [13] [14] [15] [16] . Many investigators [5] [6] [7] 13, 15, 16] have shown a positive association between ICFI and nutritional status. While none of the studies indicated a significant association between all the three indicators of nutritional status i.e. weight-for-age (WAZ), weight-for-length (WLZ) and length-for-age (LAZ), most investigators have found an association with LAZ [6, 7, 13, 15, 16] . In India, only two groups of investigators have used a scoring system for complementary feeding practices to determine the association with nutritional status of young children [5, 6] . Therefore we used the index developed by Ruel and Menon [11] to assess feeding behaviours and to identify which of the ICFI components may require attention in nutrition education interventions in Indian slums. The data reported herein is the baseline data which was part of a longitudinal intervention on feeding practices of young children aged 6 to 24 months. Feeding practices were examined using the ICFI. The association between ICFI and child nutritional status was studied. We also calculated the specificity and sensitivity of the ICFI in order to determine whether it can serve to identify undernourished children.
Methods

Study site and sample selection
This study was conducted in six slums adopted by two non-governmental organizations-Committed Communities Development Trust (CCDT) and Centre for the Study of Social Change (CSSC). The slums are located in three western suburbs of Mumbai city indicated in the map (Figure 1 ). Each slum had a population of approximately 1000 families. A little less than half of the families (47.9%) had houses made of asbestos/tin. One-fourth of the families (26.9%) lived in houses constructed from brick/stone wall and RCC roof and the remaining families were either residing in transit camp (12.6%) or in a semipucca house with brick walls and tin roofs (12.6%). Almost three-fourths of the families were Hindu (75.8%) and the remaining 24.2% were Muslim. The mean number of family members was 6.1 ± 3.1. Mean total family income was Rs. 8067 ± 6836 and mean per capita income was Rs. 1436 ± 974/ month. More than twothirds of mothers (69.3%) were literate.
The data reported in this study is part of the baseline data collected during a longitudinal study. The main study aimed to compare the impact of nutrition education with and without readytouse food supplement on growth, feeding and nutrient intakes of young children through improvement of complementary feeding practices of mothers.
Using 90% power, the number of motherchild pairs required was 150 in each intervention group. Hence, it was decided to recruit at least 200 motherchild pairs in each group, taking into account possible dropouts.
All mothers in the selected slums who had children aged 6 to 24 months were included in the study based on the following criteria: willingness of mother to participate in the study, child should not be exclusively breastfed and it should not have any congenital anomalies or disease or any kind of food allergy. Four hundred and forty six mother-child pairs aged 6 to 24 months who met the inclusion criteria were included in the study.
Data collection
Information about mother/caregiver education, age, family income and about child characteristics such as age, ordinal position and gender was obtained by interviewing mothers. Anthropometric measurements of children were taken thrice and the average of three readings was calculated. Weight was measured using a Salter scale calibrated to the nearest 100 g with a maximum capacity of 25 kg. Length was measured using an infantometer to the nearest 0.1 cm. Mid-upper arm circumference (MUAC) was measured to the nearest 0.1 cm using a flexible, non-stretchable measuring tape standardized against a stadiometer.
Mother's height and weight were measured twice. Weight was measured using an Equinox digital weighing balance accurate to 100 g and height was measured using a non-stretchable measuring tape standardized against a stadiometer. BMI was calculated.
Infant and Child Feeding Index (ICFI)
The ICFI was constructed as described by Arimond and Ruel and Moursi et al. [14, 17] . The variables and scoring system used are shown in Table 1 [14] . Mothers were interviewed about infant feeding practices and consumption of food groups during the week preceding the survey. Dietary diversity scores were calculated with the use of a 24-hr dietary recall. Food frequency questionnaire (FFQ) was used to assess food group frequency score (FGFS).
For each child, oneday 24-hour semi-quantitative recall was taken using the multiple pass method. The FFQ consisted of 50 items belonging to 9 food groupsi)Tea/ milk, ii) Cereal preparations, iii) Pulse preparations, iv) Cereal and pulse combinations, v) Vegetables, vi) Fruits, vii) Biscuits, viii) Non vegetarian items and ix) Other foods such as sago, sugar, ice-cream, commercial weaning foods.
Dietary diversity score was calculated by adding the number of food groups [14] consumed on the previous day of the survey. The food group frequency score, was assessed separately by using food frequency questionnaire; each food group was scored 0 if not consumed during previous week, +1 if consumed on 1-3 days and +2 if consumed on ≥4 days. The distribution of feeding frequency scores was assessed for each age range, a score of +1 was given to children who met the recommendation of feeding 2 times/day for 6-8 months, 3 times/day for 9 months or more, and a score of +2 was given when children who met recommendation of feeding ≥3 times/day for 6-8 months and ≥4 times/day for >9 months. Older children, who were fed for ≥5 times /day, were assigned a score of +3. The ICFI score was calculated by adding up the scores obtained, giving a range of 0-9. Further, the ICFI scores were categorised as: low = a score of 0-5, medium = 6-7 and high = 8-9 [14] .
Ethics
The study protocol was reviewed and approved by the Intersystem Biomedical Ethics Committee. Informed written consent was taken from all the mothers who participated in the study.
Data analysis
Data was analyzed using the SPSS software (version 20.0). Standard deviation/ Z scores were calculated using the WHO Anthro software (2009) for weight for age (WAZ), length for age (LAZ), weight for length (WLZ), MUAC for age (MUACZ) and body mass index (BMI) for age (BAZ) values. Also children were classified into various grades of nutritional status based on the WHO criteria [18] . For examining association of ICFI scores with age, children were divided into four age groups 6 -8.99, 9 -11.99, 12 -17.99 and 18 -24 months. Distribution of quantitative variables was analysed using ANOVA and χ 2 test. For multivariate analysis, multiple linear regression analysis was done for each of the dependent variables, including WLZ, WAZ, LAZ, BAZ and MUACZ after adjusting for maternal and child characteristics that were considered to be confounders. A final model was developed for each of the nutritional parameters that included ICFI, age of the mother, education of mother, BMI of mother, family income, age of child, gender of child and ordinal position. All the test variables were considered significant for a p value <0.05. The sensitivity and specificity of the ICFI were measured to examine the accuracy of ICFI for correctly identifying the children as wasted, stunted and underweight. In this study, sensitivity was defined as ability of ICFI to correctly identify the children as wasted (WAZ < −2SD; MUACZ < −2SD), stunted (LAZ < −2SD) and underweight (WLZ < −2SD, BAZ < −2SD) when the ICFI score was ≤5 and specificity was defined as ability of ICFI to correctly identify children as normal (WLZ, WAZ, LAZ, BAZ and MUACZ > −2SD) when the ICFI score was 6 or more.
Results
Sample characteristics
The mean age of mothers was 25.3 ± 3.9 years, and the mean BMI was 21.1 ± 4.2 kg/m 2 . More than half of the mothers (56.7%) had normal BMI, with one-fourth of them being underweight (27.4%). One-third of mothers (30.7%) in the study were illiterate, two-thirds of the mothers had completed primary or secondary schooling (61.0%) and only 8.3% mothers had completed higher secondary or graduation. The mean age of the children was 12.7 ± 4.6 months, with 49.1% being male and 50.9% being female. The mean family income was INR 8066.70 ± 6836.4 with the mean per capita income being INR 1435.7 ± 974.3.
Nutritional status
A little more than one-fourth of the children (26.7%) were underweight (WLZ < −2 SD and BAZ < −2SD), half of the children (51.3%) were stunted (LAZ < −2SD) and 41.7% were wasted (WAZ < −2SD). Only 13.5% children had a MUACZ score < −2SD. The mean WLZ score of children >12 months of age was significantly better compared to children <12 months of age (F value = 6.275, p = 0.013). The mean LAZ scores of children above 12 months of age were lower compared to children below 12 months of age (F = 88.039, p = 0.000). With respect to WAZ and BAZ, the mean z scores were significantly better among children >12 months than the younger age children (WAZ: F value = 14.885, p = 0.000; BAZ: F value = 23.087, p = 0.000). In contrast, the mean MUACZ score was better among children <12 months of age compared to older children (F value = 10.410, p = 0.001).
The association between mean z scores and gender was examined. There was no significant association between gender and mean WLZ, WAZ, BAZ and MUACZ scores. However, a significant association was found between mean LAZ scores and gender. The mean z-score for males was −2.48 ± 2.6, that was lower than the mean score for females (−1.96 ± 2.5; F value = 4.692, p = 0.031). There was no significant association between breastfeeding status and nutritional status. 
Food group frequency score 1,2 (past 7dfood frequency questionnaire)
Food groups: grains/roots/tubers; legumes/nuts; dairy; flesh foods; eggs; vitamin A rich fruits & vegetables; other fruits & vegetables. 2 Each food group scored 0 if not consumed during the previous week, +1 if consumed on 1 to 3 days and +2 if consumed on 4 days/more. These scores were summed to give a possible range of 0 -14 & then new food group frequency scores were assigned as described [14] .
ICFI Score
The mean total ICFI score of all the subjects in the study was 5.9 ± 1.9.The mean score was calculated by gender of the child, breastfeeding status and age categories ( Table 2) . Breastfeeding was found to be an important influence, as breast fed children had significantly higher mean ICFI scores than non breast fed children (F value = 8.111, p = 0.005) especially among the <12 months age group. No significant gender difference was observed in the scores (F value = 0.165, p = 0.685). Breastfed children aged <12 months had higher ICFI score but children above 9 months of age had slightly but not significantly lower scores than the children below 9 months of age (F value = 0.574,p = 0.634). There was significant interaction between breast feeding status and age category (F value = 4.131, p = 0.007) but not between sex and age category (F value = 0.401, p = 0.753). Also, the interaction between all three variables was not statistically significant (F value = 0.342, p = 0.795).
Components of ICFI
Mean scores for each component were compared between age groups and by sex ( Table 3 ). Mean scores for each component did not differ significantly by gender except for the scores for breastfeeding. When age categories were compared, the older children had significantly lower scores for BF. Mean scores for bottle feeding did not differ with age. Mean scores were approximately half the maximum possible score of 2, regardless of age category and sex. The percentage of children who were fed foods from the seven food groups were: grains, roots and tubers -91.7%; legumes and nuts -59.6%; milk/ milk products -58.1%; flesh foods -2.7%; eggs -5.4%, vitamin A rich fruits and vegetables -8.7% and other fruits and vegetables -19.7%. DDS scores of children between 9 and 17.99 months had significantly lower scores than the 6 to 8.99 month old children, with the lowest mean scores being observed for the 9 to 11.99 month age group.
In contrast to DDS scores, FGFS scores increased with age. The mean FGFS score was significantly higher among children >12 months of age (1.77 ± 0.5) compared to children <12 months of age (1.53 ± 0.6; F value = 18.749, p = 0.000). Also, the mean FGFS score was significantly higher for non-breastfed children (1.85 ± 0.5) compared to breastfed children (1.64 ± 0.6; F value = 7.001, p = 0.008).Gender was not significantly associated with FGFS. Scores for FGFS were better than DD scores since they were more than half the maximum possible score of 2.
For FFS, the maximum possible was 2 for children <12 months old and 3 for children >12 months of age. Children <12 months old were better off as the difference between the maximum score and mean scores was 0.90-1.20, whereas the older children were worse off, since the difference between their mean scores and the maximum score of 3 was 1.50-1.90.
The mean FFS was higher among children >12 months of age (1.29 ± 1.2) compared to children <12 months of age (1.11 ± 0.9), however there was no significant difference between the two age categories. The mean scores for 9 -11.99 month old children was the lowest among the four age categories. Further, mean FFS was significantly higher among non-breastfed (1.63 ± 1.1) compared to breastfed children (1.14 ± 1.1; F = 11.569, p = 0.001).
The percent distribution of children for the different ICFI components by age category and gender was examined (Table 4) . Scores for breastfeeding, did not differ significantly by age because almost all mothers of children less than 12 months of age and approximately three-fourth mothers of children above 12 months breastfed their children regardless of gender of the child. More than 95% of mothers did not use a bottle for feeding, irrespective of gender and age group.
About one-fifth of all children had high DDS. The mean DDS of children aged <12 months (0.72 ± 0.8) was low compared to children aged >12 months (0.81 ± 0.8), however the difference was not statistically significant. The mean score was significantly higher for nonbreastfed (0.95 ± 0.7) than breastfed children (0.74 ± 0.8, F value = 4.230, p = 0.040). DDS was examined in relation to gender but no significant association was observed, although among children <12 months, females 6%) . Among the 9 -11.99 month old children, a slightly lower percentage of girls had high DDS than did boys. In the older age group (>12 months), there was no significant difference between the two sexes.
About three fourths of the children had high FGFS scores (score of 2) and about onefifth had medium scores (score of 1). The percentage of children with high FGFS scores increased with age (Table 4) , with the lowest percentage being in the 6 -8.99 months age group. Comparison between age groups within gender showed that there was no significant difference in the distribution for boys (χ 2 = 10.051, p = 0.123). However, girls below 12 months of age were worse off compared to girls above 12 months of age (χ 2 = 28.550, p = 0.000).
A little more than half of males (54.8%) <12 months of age had a higher feeding frequency score compared to one-third of females (32.7%) in the same age category. However, among children aged >12 months, there was no significant association between feeding frequency score (FFS) and gender of the child. When the four age categories were compared, the gender difference became more pronounced for the 6 -8.99 month age group (Table 4) . A much higher percentage of males (69.3%) had high FFS compared to 37.3% of females. Further, the percentage of children with high FFS was lowest in the 9 -11.99 month age group followed by the 12 -17.99 month old age group. Even among children above 18 months of age, about onefourth to onethird of the children had low FFS, although it was lower compared to children aged 9 -17.99 months indicating that a substantial proportion of the children were underfed.
Stepwise regression analysis was done using the scores of the five individual components as independent variables and total ICFI score as the dependent variable. The variables were entered in the model in following order: DDS, FFS, breastfeeding score, FGFS and bottle feeding score. Overall the model was significant (F value = 2.055E + 16, p = 0.000). All the five components were found to be significant, with DDS (Beta = 0.405, p = 0.000) and FFS (Beta = 0.561, p = 0.000) contributing the most to the total ICFI score followed by breastfeeding score (Beta = 0.354, p = 0.000), FGFS (Beta = 0.311, p = 0.000) and bottle feeding score (Beta = 0.088, p = 0.000).
Association of ICFI with nutritional status of children
The mean z scores by age categories and ICFI categories were examined (Table 5 ). There was no significant difference between mean z scores for WLZ, WAZ, LAZ, BAZ and MUACZ in the low, medium and high categories of ICFI.
Multivariate regression analysis was carried out to determine whether selected maternal and child characteristics were associated with ICFI. The variables entered in the equation were maternal age, BMI, education, family income, child's age, sex and ordinal position. The model was significant (R 2 (R 2 Adj) = 0.046(0.028); F value = 2.617, p = 0.008). Among these maternal age was positively and significantly associated (Beta = 0.153, p = 0.006), whereas child's age was negatively and significantly associated (Beta = −0.015, p = 0.026) with ICFI score.
Further, multivariate regression analysis was performed to determine if there was significant association between ICFI and nutritional status after controlling for other confounding variables namely -child characteristics (age, gender and ordinal position), maternal characteristics (age, BMI and education) and household characteristics (per capita income). In the multivariate model (Table 6) , ICFI was significantly associated with LAZ and BAZ scores, but not with WLZ, WAZ and MUACZ. Other variables that had significant impact on nutritional status were: BMI of mother and mothers completing secondary schooling for WLZ and BAZ, age of the mother for MUACZ, gender of the child for WAZ and LAZ. Age of the child had the most significant impact on all indicators of nutritional status except WLZ. Sensitivity and specificity of ICFI were also calculated. The sensitivity and specificity of the indicators of nutritional status are presented in Table 7 . The sensitivity i.e. ability of the index to correctly identify children as undernourished ranged from 16 to 54% and specificity (ability of .415, p = 0.006 p = 0.000 p = 0.000 p = 0.000 p = 0.000 the index to correctly identify children as normal) ranged from 51 to 89%. However, sensitivity was highest for LAZ followed by WAZ but was very low for WLZ, BAZ and MUACZ. Specificity was highest for MUACZ followed by WLZ and BAZ.
Discussion
The present study provides data on selected quantitative aspects of complementary feeding practices in urban slum settings in Mumbai, India, by using the ICFI developed by Arimond and Ruel, and determining its association with five indicators of nutritional status [19] . A significant association was found between ICFI and LAZ and BAZ in this study sample. The prevalence of undernutrition specifically stunting followed by underweight and wasting was high in the present study, which could be partly attributed to poor complementary feeding practices, lack of knowledge among mothers/caregivers, poor hygiene and low socioeconomic status [20] [21] [22] .
In the present study, the mean ICFI score was 5.9 out of a maximum possible score of 9 indicating that some of the child feeding practices that are assessed in the index were inappropriate. The five components of the ICFI are breastfeeding, bottle feeding, dietary diversity, food group frequency and feeding frequency. While there was not much difference between age groups, in the percentage of children who were breastfed or bottlefed, at least half of the 9 -11.99 month age group had low DDS and about half had low scores for feeding frequency. Out of the maximum possible ICFI score of 9, almost half i.e. 4 to 5 score points are contributed together by DDS and FFS. This trend was also observed for older children above 12 months of age, although a higher percentage of 9 -11.99 month old children had lower scores than the older age group. The relatively low scores for these two individual components indicates that feeding practices after 9 months require considerable attention and that between 9 to 24 months of age, the 9 to 11.99 month period in infancy perhaps needs to be closely focused on for interventions aimed at behaviour change and improving child nutrition. Garg and Chadha studied rural children in a narrow age range of 6 -12 months in Ghaziabad district, Uttar Pradesh, North India [6] . However their index included timely initiation of complementary feeding which is not included in the ICFI index used in this study.
In the present study, ICFI was found to be significantly associated with LAZ but not with WAZ or WLZ. Other reports in the literature indicate that LAZ was significantly associated with the child feeding index in several countries including Bolivia, Colombia, Guatemala, Nicaragua, Peru, Ethiopia and India [6, 12, 17] . In Burkina Faso, Sawadago et al. used a modified ICFI and observed a significant relationship with LAZ of children aged 6-36 months of age [13] . Garg and Chadha also found significant association between a complementary feeding index that they developed and LAZ in rural Indian children [6] . In Bangladesh, Khatoon [14, 23] . These investigators reported that the index was unable to report impact on nutritional status in their multivariate model.
Black et al. reported that even with optimum breastfeeding, children will become stunted if they do not receive an adequate quantity and quality of complementary foods after six months of age [1] . Our findings are in line with the report by Black et al. [1] ; as DDS and FFS scores for these children were relatively poor and both together contributed to about half of the total score. Inappropriate feeding practices that provide inadequate amounts of important macro and micronutrients over a long period will result in compromised growth that will reflected by poorer LAZ scores. Malik and Mazhar [24] reported that the odds ratio of children being malnourished was 2.54 times for children who received complementary foods after one year of age compared to children who were given complementary foods before the age of four months. In the present study, stunting was higher among older children than children <12 months of age [5, 25] . This needs attention since stunting is associated not only with poor physical growth but also affects cognitive abilities that are irreversible after 2 years of age [26] . The association between ICFI and nutritional status in the multivariate model in the present study showed that even after controlling for selected maternal, child and household characteristics, infant and child feeding practices were important determinants for LAZ and BAZ. These were poor diversity of complementary foods and poor feeding frequency of the complementary foods. Further, age and gender of child, maternal education and BMI of mother were important factors influencing nutritional status which was also demonstrated by Arimond and Ruel, Armar-Klemesu et al. Dewey et al. and Srivastava and Sandhu [5, 21, 27, 28] . Also, multivariate regression analysis indicated that mother's age and education are important factors. In developing country settings, poor maternal education level and young age reflect women's status and their care capacity.
The findings of the present study confirm the findings that ICFI may be able to reflect chronic malnutrition among young children, however, the sensitivity is not very high [5] [6] [7] . This index reflected the quality and quantity of the complementary foods fed to the children in urban slum setting in terms of the food frequency and dietary diversity scores and indicated that poor quality reflected by the DD scores and low frequency of complementary foods were major factors determining the nutritional status of the child [5, 6, 15] . Thus, improvement in dietary diversity, quality and frequency of feeding complementary foods needs to be addressed through appropriate interventions in order to improve feeding practices and nutritional status of children under two years of age.
The strengths of the present study are that it is perhaps one of the first to use the ICFI for children between 6 to 24 months in urban slum setting. We are one of the few who have examined sensitivity and specificity of ICFI, however a larger sample size may be worthwhile to come to a conclusion, and further longitudinal examination of the data is required to examine time-trend relationships. The limitation of the study is that in the index, age of initiation of complementary foods was not considered. In the present study, 9 to 12 month identified as the most vulnerable age period as 8% children from the same age group did not receive complementary foods until 9 months of age, but this needs to be confirmed with a larger sample size. The ICFI index needs to be validated in the Indian sample. Only a small variance was explained by the maternal and child characteristics (R 2 Adj: 0.028) therefore, other factors needs investigation which may determine feeding practices such as influence of extended family members e.g. motherinlaw, maternal selfefficacy, parity, socioeconomic status, standard living index, etc.
Conclusions
The results of the present study confirmed that the ICFI index can be used to collect information on various components of young child feeding practices. It can be used in public-health programmes for addressing the issue of complementary feeding as a whole and also for monitoring the change in feeding practices. Further, it could be used to determine the influence of complementary feeding practices on nutritional status of children.
The study points out the need for intensive nutrition education and improving women's status in terms of education and delaying age of marriage in order to improve infant and young child nutritional status.
